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]n terms of its mechanical parameters (such as mass, mean radius, and mean clcnsity)
Venus is very similar to the Harth. IIut the tectonic regimes of Venus anCl l+arth arc quite
different. lJnlikc the 1 larth, where the effects of mantle convection arc manifest on the
surfi~cc in mid-oceanic ridges (spreading zones) and trenches (subduction zones), a global
systcm of ridges rifts and subduction 7#oncs is not observed on Venus. V ‘here is no evidence
of 1 ~arth-like plate tectonics and Venus may bc a onc-p]atc (or no-plate) planet. Magcllan
radar data confirm this point of view. Onc possible consequence of this conclusion is that
VcnLM’s convection is confined beneath a thick, buoyant lithosphere. In thermal models of
Venus [1] a thick Vcnusian crust overlies a convecting mantle. The style of convection in
VcnLIs k an open issue (cQg, two layer or whole mantle convection, IIut t wo Iaycr convection
provides high temperature at the Crllst-lllantk  boundary. Additionally, the gcochemical data
show that the upper mantle of VcnLIs is apparently dcplctcd [1].

This could explain why convection is only parlly rcvcalcd in the long-wave part of the
gravitational field. It is reasonable to suppose that at least the long-wavelength part of
gravitational field of VcntJs, for spherical harmonics greater than two (which corrclatc with
corresponding harmonics of the relief), is CIUC to crustal thickness variations [2] or possibly
also to variations of crustal density (for example, hot mantle plL]nms, intruding into the base
of the crust).

‘1’hc ncw topography and gravhational field data for Venus cxprcssec] in spherical
harmonics of dcgrcc and order LIp to 50 allow LIS to analyxc the crust-mantle boundary relief
and stress state of lhc Vcnusian lithosphere. In these models, wc consider models in which
convection k confined bcncat}l a thick, bouyant ]ithosphcrc. We divide the convection
regime into an upper mantle, and lower mantle component, ‘1’hc lateral scales arc smaller
than on the } iarth, in these models, relative to 1 larth, convection is rcflcctcd in higher order
terms of the gravitational field, On Venus gcoid }lcight and topography arc highly
corrclatcd, ahhough the topography appears to bc largely compensated. Wc hypothesize
that Venus topography for those wavc]cngths that corrclatc WC]] with the gcoid is partly
compensated at the crust-mantle boundary, while for the others compensation may bc
distribut cd over the who]c mant]c. 1 n turn the strong scnsit ivit y of the stresses to parameters
of the models of the external layers of VcnLIs together with geological mapping allow us to
begin invcstigat ions of the tectonics and gcoclynamics of the planet, I/or stress calculations
wc use a ncw tcchniquc of space-and time-dcpcndcnt Green’s response functions using
VcnLls models with rhcologically stratified lithosphere and mantle and a ductile lower crust.
In the basic model of Venus the mean crust is 50-70 km thick, the density contrast across
the crust-mant]c boundary k in the range from 0.3 to (),4 g/cn)-3. ‘1’he thickness of a weak
mantle 7,0nc may bc from 350 to 1000 km. Strong sensitivity of calculated stress to various
parameters of the layered model of Venus together with geological mapping and analysis
of surface, tectonic patterns allow us to investigate the tectonics and gcodynamics of the
planet. The results are, prcscntcc] in the form of maps of col~~J~rcssio~~  -extcl~sior~  and
maximum shear stresses in the lithosphere and maps of crwst-mantle boundary rc]icf, which
can be prcscntcd as a function of time.

q’hc t cchniquc of using Green’s re,sponsc functions for the distribution of stresses and
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deformation in one-plate planets with elastic mantles including a low viscosity 7jonc was
dcvclopcd earlier [1,2]. in our present Venus model the rheology of the interior layers is
more complicated but possibly more rcalistico ‘J’hc main features of the rheology arc: 1 ) in
the mantle, dislocation climb is the dominant process, although diffusion crccp is also
included; 2) the rheology of the lithosphere includes a so-called unstable beta-crccp and
stable gamma-creep. The basic, paramct rically simple model of Venus, is constm ct cd using
a new gcochcmical model of 1 lrcitms and Wankc [3], the mean crustal thickness is variecl
from 50 to 70 km, and the density contrast across the crust-mantle boundary is in the range
0.3 to 0.6 ~/Clll-~.

It is instructive to calculate the tirnc-history of stresses and deformation in the
int crier during the formation of major topographic features, 1 lcta Regio, lshtar  Terra,
Aphrodite ‘1’crra and others. l~irst wc model the rheology then find a corresponding
transformation of our equations to 1 aplacc transform space. ‘1’hus we will have in 1 xiplacc
space the equivalent elastic pro blcm, which can bc solved. ‘J ‘hc next step is to find the
inverse transformation of t}lcse solutions back to the time clomain. This step is the most
difficult, “J ‘hc rheology of the lithosphere and mantle is moclcled by a gcncralizccl llingham-
Maxwcll IIody Jaw, including the brittle-elastic-ductile transition in the crust.

“J’o perform the calculations wc need to know the cffectivc viscosity variations wit}]
depth and with time, as WCII as gravity and topography at high resolution.

With this approach it is possible to simultaneously satisfy the observed topography
and gravity with spherical harmonic modc]s using reasonable strength and viscosity
pararnctcrs for the Venusian CrLISt and mantle. Wc have modeled the region of Western
Aphrodite and the Niobc plains to get reasonable depths of compensation. “J’hesc results arc,
based on Magcllan topography and ]’ionccr Venus gravity fit to spherical harmonic models
of order and degree 50. Continuing work uses the higher resolution Magellan data as they
bccomc availab]c, both as local spherical harmonic models and the highest resolution line-
of-sight gravity data. Crust mantle boundary relief is calculated for Western Aphrodite -
Niobc relative to a mean crustal thickness of 50 km. ‘J’he calculations include the
conscqucnccs  of simple crust models and more complicated moclels with a weak, ductile
lower crust, a strong upper mantle and a weak lower mantle layer. We usc a mean cmtal
thickness of 50 km, of which the upper 20 km is elastic. The mantle between 50 km and 200
km is strong, and the mantle at depths bctwccn 200 km ancl 481 km is weak and acts like
an asthenospherc.  The calculated crust-mantle boundary relief is similar for simple mocle]s
and the more realistic layered models, but the stress distributions are markedly different.
‘J’his can bc explained by the role of ]ithosphcric  bending in the more complicated model.
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